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(54) WIRELESS SENSOR SYSTEM AND BEARING DEVICE HAVING WIRELESS SENSOR 



(57) A wireless sensor system of tlie present inven- 
tion includes wireless sensor units (4A, 4B) and a sensor 
signal receiving unit (5). The sensor units (4A, 4B) have 
sensors (6A, 6B), an electric power receiver (8A, SB) for 
securing the electric power from an electromagnetic 
wave of a power feeding frequency f1 through a tuning 
circuit and a detecting and rectifying circuit, and sensor 
signal transmitters (9A, 9B) for transmitting the signals 



outputted from the sensors as a wireless sensor signal 
of the electromagnetic wave of unique frequencies f2 
and fS different from the power feeding frequency f1 . 
The sensor signal receiving unit (5) has an electric pow- 
er transmitter (12) for transmitting the electromagnetic 
wave of the power feeding frequency f1 to the units (4A, 
4B) and a sensor signal receiver (1 3) for receiving wire- 
less the sensor signals of the respective frequencies f2 
and fS transmitted from the units (4A, 4B). 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention generally relates to a 
wireless sensor system for wireless receiving a detec- 
tion signal indicative of, for example, the tire pressure 
orthe number of revolutions of a wheel in an automotive 
vehicle. The present invention also relates to a bearing 
assembly equipped with such wireless sensor system 
and a wheel support bearing assembly equipped with 
such wireless sensor system. 

BACKGROUND ART 

[0002] It is known that various sensors are employed 
in automotive vehicles and various industrial machines 
to detect various target parameters such as the number 
of revolutions, the temperature and the vibration of bear- 
ing assembly and/or any other movable component 
parts with a view to controlling of the machines and su- 
pervision of machine statuses. Outputs generated from 
those sensors aregenerally transmitted through a wired 
communication system. However, it has often been ex- 
perienced that the wired communication system is avail- 
able only where wiring is possible, and where no wiring 
is possible, a wireless sensor system that transmits sen- 
sor signals wireless in the form of wireless electromag- 
netic signals is available. I n th is wireless sensor system, 
a transmitter is generally equipped with a compact bat- 
tery. 

[0003] By way of example, as far as automotive vehi- 
cles are concerned, in orderto improve the safety of au- 
tomotive vehicles by means of an early detection of a 
tire puncture or prediction of blowout through detection 
of the tire pressure being reduced, it is a recent trend to 
impose an obligation to utilize a tire pressure sensor for 
detecting the decrease of the tire pressure. Most of the 
conventional air pressure sensors for this purpose are 
generally of a design in which the detection signal indic- 
ative of the tire pressure is transmitted wireless to an 
automotive body structure by means of an electromag- 
netic wave. The wireless transmitter for transmitting the 
detection signal wireless from the air pressure sensor 
to the automotive body structure is, in most cases, inte- 
grated with a compact battery built therein so that the 
wireless transmitter can be electrically powered. 
[0004] On the other hand, the anti-lock brake system 
(ABS) for controlling an automotive brake system by de- 
tection of the number of revolutions of the wheel with a 
rotation sensor has been well known. In this anti-lock 
brake system, in orderto avoid an automobile accident 
resulting from breakage of a wiring system for the rota- 
tion sensor and also to minimizethecost of assemblage, 
the detection signal, indicative of the number of revolu- 
tions of the automobile wheel, generated by the rotation 
sensor is transmitted wireless in the form of an electro- 
magnetic wave, such as disclosed in the Japanese Laid- 



open Patent Publication No. 2001-151090. 
[0005] The Japanese Laid-open Patent Publication 
No, 2002-55113, for example, discloses a rotation sen- 
sor in the form of a multipolar electric power generator. 
5 The multipolar electric power generator is utilized not 
only to supply an electric power both the sensor and the 
wireless transmitter, but also to detect the number of 
revolutions of the automobile wheel. According to this 
patent publication, no supply of an electric power from 
10 the automotive body structure to the rotation sensor is 
needed and, accordingly, the system as a whole can be 
advantageously assembled compact. 
[0006] The sensor system utilizing the battery has the 
following problems. In the first place, since the battery 
15 has a limited life, routine battery replacement is neces- 
sary resulting in complicated and cumbersome man- 
agement of the lifetime of the battery. Other problems 
are associated with the environmental contamination re- 
sulting from disposal of the battery. In addition, where 
20 the rotation sensor utilizing the battery is used in a wheel 
support bearing assembly or in detecting the tire pres- 
sure, an unbalanced wheel rotation may occur as a re- 
sult of increase of the sensor weight. 
[0007] On the other hand, in the rotation sensor ca- 
25 pable of generating the electric power, the electric power 
is generated only when the wheel starts its rotation. 
Therefore, the detection of the number of revolutions of 
the wheel tends to be unstable when the wheel rotates 
at an extremely low speed approximating to a halt, al- 
so though the rotation sensor works satisfactorily when the 
wheel rotates at a speed equal to or higher than about 
1 0 Km/h, at which the ABS is often activated. Also, this 
type of the rotation sensor cannot be used to detect oth- 
er target parameters such as the temperature. 
35 [0008] As discussed above, the self- generating rota- 
tion sensor is not capable of generating or supplying an 
electric power in some cases. Particularly, where sen- 
sors other than a rotation-detecting sensor are utilized, 
it has been found difficult to secure supply of an electric 
40 power to the sensors and transmission of sensor signals 
from those sensors. 

DISCLOSURE OF THE INVENTION 

45 [0009] In view of the foregoing, the present invention 
has for its essential object to provide an improved wire- 
less sensor system, which is light-weighted and com- 
pact in structure and can easily be serviced, and which 
can be actively used in communication at anytime, while 
50 being capable of accomplishing both supply of an elec- 
tric power to a plurality of wireless sensors and trans- 
mission of wireless sensor signals. 
[001 0] Another important object of the present inven- 
tion is to provide an improved wireless sensor system, 
55 which is light-weighted and compact in structure and 
can easily be serviced, and which can be actively used 
in communication at any time, while being capable of 
accomplishing both supply of an electric power to a plu- 
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rality of wireless sensor units and transmission of wire- 
less sensor signals. 

[0011] A furtlner object of tlie present invention is to 
provide a wireless sensor system of an automobile ve- 
hicle, which is capable of transmitting a wireless sensor 
signal Indicative of, for example, the tire pressure and/ 
orthe number of revolutions of the vehicle wheel, reduc- 
tion in cost and maintenance-free as a result of elimina- 
tion of use of any battery, securement of a balanced 
wheel rotation resulting from reduction in weight and op- 
eration of the sensor even at an extremely low speed 
rotation of the wheel, 

[0012] A still further object of the present invention is 
to provide a bearing assembly equipped with a wireless 
sensor unit and a wheel support bearing assembly 
equipped with a wireless sensor unit, which are light- 
weighted and compact in structure and can easily be 
serviced, and which can be actively used in communi- 
cation at any time, while being capable of both supply 
of an electric powerto a plurality of wireless sensors and 
transmission of wireless sensor signals. 
[0013] In order to accomplish the foregoing objects of 
the present invention, a wireless sensor system accord- 
ing to a first aspect of the present invention includes a 
plurality of sensors (6Ato 6E) for detecting respective 
parameters to be detected, a sensor signal transmitter 
(9A, 9B, 9) for transmitting wireless sensor signals out- 
putted respectively from the sensors (6 A to 6E), an elec- 
tric power receiver (8A, 8B, 8) for receiving wireless an 
electric operating power required to drive the sensors 
(6Ato 6E) and the sensor signal transmitter (9A, 9B, 9), 
a sensor signal receiver (13) for receiving the sensor 
signals transmitted from the sensor signal transmitter 
(9A, 98, 9) and an electric power transmitter (12) for 
transmitting the electric operating power wireless to the 
electric power receiver (8A, 88, 8). Wireless transmis- 
sion of the sensor signals and the electric operating 
power may be carried out by the utilization of not only 
electromagnetic waves, but also any of magnetic cou- 
pling, optical beams and ultrasonic waves, and any wire- 
less transmission technique can be employed in the 
practice of the present invention. 
[0014] According to this aspect of the present inven- 
tion, since the plural sensors (6A to 6E) and the sensor 
signal transmitter (9A, 9B, 9) are both electrically pow- 
ered by the electric operating power transmitted wire- 
less from the electric power transmitter (12), neither the 
battery nor any electric generator as an electric power 
source for the sensors (6A to 6E) need be employed 
and, accordingly, the wireless sensor system can be de- 
signed compact and light-weighted and is substantially 
maintenance-free since no replacement of the battery 
is required. Unlike the rotation sensor capable of self- 
generation, the wireless sensor system of the present 
invention is capable of performing detection and trans- 
mission at any time regardless of operating statuses of 
the machine and equipment employing the wireless 
sensor system. 



[0015] In this wireless sensor system, the sensor sig- 
nal receiver (13) may have a capability of receiving the 
sensor signals from the respective sensors (6A to 6E), 
which are transmitted by the sensor signal transmitter 

5 (9 A, 9B, 9), and the electric power transmitter (1 2) may 
be disposed in a sensor signal receiving unit (5, 5A) in- 
cluding the sensor signal receiver (13). In this case, 
since the common sensor signal receiving unit (5, 5A) 
operates to receive the sensor signals from the plural 

10 sensors (6A to 6E) and transmission of the electric op- 
erating powerto the electric power receiver (8A, 88, 8), 
the wireless sensor system as a whole can be simplified 
in structure. 

[001 6] The wireless sensor system may include a plu- 

15 rality of wireless sensor units (4A, 4B) each including 
the sensors (6A, 6B); the sensor signal transmitter (9A, 
98) and the electric power receiver (8A, 88). While the 
sensors (6A, 68), the sensor signal transmitter (9A, 98) 
and the electric power receiver (8A, 88) are provided 

20 separately, they may be integrated together to provide 
a unitary structure that can easily be handled. By way 
of example, the sensors (6A, 68), the sensor signal 
transmitter (9A, 9B) and the electric power receiver (8A, 
8B) are accommodated within a common casing or pro- 

25 vided on a common board, or the sensor signal trans- 
mitter (9A, 98) and the electric power receiver (8A, 8B) 
are integrated together to form a receiver-transmitter 
subunit while the sensors (6A, 68) are connected to the 
receiver-transmitter subunit by means of an electric wir- 

30 ing. 

[0017] In this case, since each of the plural wireless 
sensor units (4A, 48) includes the sensors (6A, 68), the 
sensor signal transmitter (9A, 98) and the electric power 
receiver (8A, 88) so that each sensor unit (4A, 48) can 

35 perform the transmission of the sensor signals and the 
receipt of the electric power, the wireless sensor units 
(4A, 48) can be disposed separated from each other, 
resulting in large freedom of disposition of the wireless 
sensor units (4A, 48). 

40 [0018] In the practice of the present invention, as 
shown in Fig. 8 corresponding to a preferred embodi- 
ment thereof, the wireless sensor system may include 
a single wireless sensor unit (4), which in turn includes 
a plurality of the sensors (6C to 6E), the sensor signal 

45 transmitter (9) and the electric power receiver (8). The 
sensor signal transmitter (9) of this single wireless sen- 
sor unit (4) transmits the sensor signals of the plural sen- 
sors (6C to 6E) wireless. In this case, since the sensor 
signals outputted respectively from the plural sensors 

50 (6C to 6E) can be transmitted through the single signal 
transmitter (9), the structure can be further simplified 
and become compact. 

[001 9] Where the plural wireless sensor units (4A, 48) 
are employed, some or all of the plural wireless sensor 
55 units (4A, 48) may include the plural sensors (6Cto 6E). 
In such case, each sensor signal transmitter in such 
some or all of the wireless sensor units (4A, 48) is op- 
erable to transmit the sensor (detection) signals of the 
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plural sensors (6C to 6E). According to this feature, the 
wireless sensor unit (4A, 4B) including the plural sen- 
sors (6C to 6E) or the wireless sensor unit (4A, 4B) in- 
cluding the single sensor (6A, 6B) can be chosen de- 
pending on the machine and equipnnent requiring the 
sensor unit (4A, 48) and, therefore, the present inven- 
tion can advantageously be applied in many ways. 
[0020] According to a second aspect of the present 
invention, there is provided a wireless sensor system 
which includes a plurality of wireless sensor units (4A, 
48) and a sensor signal receiving unit (5, 5A) for sup- 
plying wireless an electric power to each of those wire- 
less sensor units (4A, 48) and for receiving a sensor 
signal transmitted from each of those wireless sensor 
units (4A, 48). Each of the wireless sensor units (4A, 
48) includes an electric power receiver (8A, 8B) includ- 
ing a tuning circuit and a detecting and rectifying circuit 
for securing an electric operating power from an elec- 
tromagnetic wave of a predetermined powerfeeding fre- 
quency; a sensor (6A, 68) for detecting a parameter to 
be detected; and a sensor signal transmitter (9A, 9B) for 
transmitting a signal detected by the sensor (6A, 68) as 
a wireless sensor signal in the form of an electromag- 
netic wave of a natural frequency different from the pow- 
er feeding frequency. The sensor signal receiving unit 
(5, 5A) includes an electric power transmitter (12) for 
transmitting wireless the electromagnetic wave of the 
predetermined power feeding frequency and a sensor 
signal receiver (13) for receiving the wireless sensorsig- 
nal of the natural frequency that is transmitted wireless 
from each of the wireless sensor units (4A, 48). 
[0021] According to this second aspect of the present 
invention, si nee the electric operating power can be sup- 
plied in the fomn of the electromagnetic wave from the 
electric power transmitter (12) to each of the wireless 
sensor units (4A, 48), neither a battery nor an electric 
generator for providing an electric operating power need 
be employed in the sensor units and, therefore, not only 
can the sensor units (4A, 48) be assembled compact 
and lightweight, but also the maintenance can easily be 
accomplished because of elimination of the need to per- 
form a battery replacement. Also, since the single sen- 
sor signal receiving unit (5, 5A) is employed to supply 
wireless the electric operating power to each of the plu- 
ral wireless sensor units (4A, 48) and also to receive the 
wireless sensor signal transmitted from each of the plu- 
ral wireless sensor units (4A, 48), the wireless sensor 
system as a whole can advantageously be simplified in 
structure. 

[0022] The sensor signal receiver (13) of the sensor 
signal receiving unit (5) may include a plurality of receiv- 
ing circuits (1 3a) each operable to receive a single fre- 
quency corresponding to the assigned natural frequen- 
cy transmitted from each of the wireless sensor units 
(4A, 48). The use of the independent and separate re- 
ceiving circuits (13a) makes it possible for each of the 
receiving circuits (13a) to be simplified in structure. 
[0023] Also, the sensor signal receiver (13) of the sen- 



sor signal receiving unit (5) may include a plurality of 
tuning circuits (37A, 37B) each operable to receive a sin- 
gle frequency corresponding to the assigned natural fre- 
quency transmitted from each of the wireless sensor 
5 units (4A, 48), and a switching detector (41 ) for switch- 
ing between outputs of the tuning circuits (37A, 378) to 
select the outputs one at a time on a time sharing basis 
and for detecting each of the selected outputs. Accord- 
ing to this structural feature, although the switching de- 
10 tector (41) requires the use of a switching means, the 
single detector (42) is effective to discriminate and de- 
tect the wireless sensor signals and, therefore, even 
where the number of the wireless sensor units (4A, 4B) 
employed is large, the sensor signal receiving unit (5A) 
15 can be simplified in structure. 

[0024] Preferably, the sensor signal receiver (13) of 
the sensor signal receiving unit (5A) is capable of vary- 
ing a receiving frequency and is capable of receiving the 
plural wireless sensor signals by switching among the 
20 varying receiving frequencies on a time sharing basis. 
By way of example, the sensor signal receiver (13) of 
the sensor signal receiving unit (5) may include a single 
tuning circuit capable of varying a tuning frequency in 
correspondence with the natural frequency transmitted 
25 from each of the wireless sensor units (4A, 48), and a 
circuit for switching and detecting the natural frequency 
of the tuning circuit on a time sharing basis. 
[0025] Inthecaseof this circuit construction, a means 
for varying a tuning frequency is required. However, 
30 where the number of the receiving frequencies is large, 
there is no need to use a plurality of tuning circuits and, 
therefore, simplification of the structure and reduction of 
the weight of thesensorsignal receiving unit (5) are pos- 
sible. 

35 [0026] In the practice of the present invention, the 
plane of polarization of the electromagnetic wave for 
powerfeeding may be different from that of the electro- 
magnetic wave of the wireless sensor signal. While the 
use of the different frequencies between the electro- 
40 magnetic wave for the power feeding and the electro- 
magnetic wave for the wireless sensor signal is effective 
to avoid any possible interference brought about by the 
transmitted electric power on the receiving circuit, the 
use of the different planes of polarization of such elec- 
45 tromagnetic waves is effective to enhance the signal 
separation between the wireless sensor unit (4A, 48) 
and the sensor signal receiving unit (5A). 
[0027] Also, the respective electromagnetic waves of 
the wireless sensor signals transmitted from the asso- 
50 ciated wireless sensor units (4A, 4B) may have different 
planes of polarization. While by using the different fre- 
quencies for the wireless sensor signals signal recep- 
tion can be discriminated, the use of the different planes 
of polarization is effective to enhance the signal sepa- 
55 ration between the wireless sensor units (4A, 4B). 
[0028] In the practice of the present invention, as 
shown in Fig. 7 where the plural wireless sensor units 
(4A, 48) are employed, those wireless sensor units (4A, 
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4B) may be mounted on different bearings (51 , 52) in a 
machine plant (53). The machine plant (53) may include 
a machine installed in a factory such as an industrial ma- 
chine, a machine tool and/or a transport machine, or a 
railway car and/or an automotive vehicle. The bearings 
(51 , 52) may be a rolling bearing or the lil<e. By way of 
example, the machine plant (53) may a conveyor line 
and each of the bearings (51 , 51 ) on which the wireless 
sensor unit (4A, 4B) is mounted may be a bearing for 
supporting a drive roller of the conveyor. 
[0029] Also, where the plural wireless sensor units 
(4A, 48) are employed, as shown in Fig, 4 or Fig. 6, at 
least one of the plural wireless sensor units (4A, 48) may 
include the sensor (6A) utilized as a tire pressure sensor 
for detecting a tire pressure of an automotive vehicle or 
a rotation sensor for a wheel support bearing assembly. 
Alternatively, each of the wireless sensor units (4A, 4B) 
may include both a tire pressure sensor (6B) and a ro- 
tation sensor (6A). The rotation sensor (6 A) acts as a 
wheel rotation sensor. 

[0030] Where the wireless sensor unit (4A, 4B) in- 
cludes a tire pressure sensor as the sensor (68) , no bat- 
tery is necessary in the present invention and, therefore, 
not only is the maintenance-free possible with respect 
to the battery replacement, but a balance of a wheel can 
also be secured as a result of reduction in weight. On 
the other hand, where the wireless sensor unit (4A, 48) 
includes a wheel rotation sensor as the sensor (6A), un- 
like an electric power generator generating an electric 
power in response to rotation of the vehicle wheel, the 
electric power can be supplied from the electric power 
transmitter (1 2) mounted on the vehicle body structure 
even when the automotive vehicle is halted and, there- 
fore, the use of the sensor (6A) in combination with an 
active sensor such as a Hall IC (integrated circuit) 
makes it possible to achieve a generally so-called zero 
velocity detection (i.e., detection of the rotation in a con- 
dition in which the automotive vehicle is substantially 
halted). Accordingly, the running stability can be ob- 
tained by means of a highly sophisticated control such 
as a control of the ABS activation shortly before the au- 
tomotive vehicle then running on a low frictional road 
surface is brought to a halt, and a traction control at the 
time of abrupt acceleration and at the time of an ex- 
tremely low speed run. 

[0031] Where the wireless sensor unit (48) for the tire 
pressure and the wireless sensor unit (4A) for the de- 
tection of the wheel rotation are both employed, since 
those wireless sensor units (4A, 48) are disposed in the 
vicinity of a wheel within the same tire house, not only 
can the supply of the electric power to the plural wireless 
sensor units (4A, 4B) easily be accomplished, but also 
transmission of the wireless sensor signals can be 
achieved by a feeble magnetic wave. 
[0032] According to a third aspect of the present in- 
vention, the present invention also provides a bearing 
assembly equipped with a wireless sensor unit, which 
includes a plurality of wireless sensor units (4A, 48) 



mounted on a bearing. Each of the wireless sensor units 
(4A, 48) includes a sensor (6A, 68) for detecting a pa- 
rameter to be detected, a sensor signal transmitter (9A, 
98) for transmitting wireless a sensor signal outputted 
5 from the sensor (6A, 68) , and an electric power receiver 
(8A, 88) for receiving wireless an electric operating pow- 
er required to drive the sensor (6A, 68) and the sensor 
signal transmitter (9A, 9B). 

[0033] According to the third aspect of the present in- 
vention, while the supply of the electric power to the plu- 
ral sensors (6A, 68) and the transmission of the sensor 
signals from the plural sensors (6A, 68) can be accom- 
plished, not only can the bearing assembly of a light- 
weight and compact structure be achieved, but the 
maintenance is also easy, and even when the bearing 
assembly is in a halted condition, the communication is 
possible. 

[0034] According to a fourth aspect of the present in- 
vention, there is provided a bearing assembly (33) 
equipped with a wireless sensor unit, which includes 
one of a plurality of wireless sensor units (4A, 4B) that 
is mounted on a bearing. Each of the plural wireless sen- 
sor units (4A, 48) includes a sensor (6A, 6B) for detect- 
ing a parameter to be detected; a sensor signal trans- 
mitter (9A, 9B) for transmitting wireless a sensor signal 
outputted from the sensor (6A, 68), and an electric pow- 
er receiver (8A, 88) for receiving wireless an electric op- 
erating power required to drive the sensor (6A, 68) and 
the sensor signal transmitter (9A, 98). The plural wire- 
less sensor units (4A, 48) are operable to transmit to a 
common sensor signal receiver (13) the respective sen- 
sor signals transmitted from the corresponding sensor 
signal transmitters (6A, 68) and is also operable to re- 
ceive the electric operating power wireless from a com- 
mon electric power transmitter (12) through the electric 
power receiver (8A, 8B). 

[0035] According to the third aspect of the present in- 
vention, the wireless sensor unit (4A, 48), mounted on 
the bearing, and the wireless sensor unit (4A, 48) 
mounted on any other machine or equipment can trans- 
mit the sensor signals to the common sensor signal re- 
ceiver (13) and can be electrically powered by the elec- 
tric power transmitter (12) and, accordingly, the bearing 
assembly of a simplified structure can be provided. 
[0036] The present invention in accordance with a fifth 
aspect thereof provides a bearing assembly equipped 
with a wireless sensor, which includes a plurality of sen- 
sors (6C to 6E) for detecting respective parameters to 
be detected, a sensor signal transmitter (9) for transmit- 
ting wireless sensor signals outputted from the respec- 
tive sensors (6C to 6E), and an electric power receiver 
(8) for receiving wireless an electric operating power re- 
quired to drive the sensors (6C to 6E) and the sensor 
signal transmitter (9). 

[0037] According to the fifth aspect of the present in- 
vention, the plural sensors (6C to 6E), for example, the 
rotation sensor, the temperature sensor and the vibra- 
tion sensor can be mounted on a bearing and the sensor 
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signals outputted therefrom can be transnnitted through 
the sensor signal transmitter (9). Receipt of the electric 
power can also be performed through the common elec- 
tric power receiver (8) and, therefore, the bearing as- 
sembly of a simplified structure can be provided. 
[0038] In the bearing assembly equipped with the 
wireless sensor of any of the foregoing structures in ac- 
cordance with the present invention, at least one of the 
sensors (6a to 6E) mounted on the bearing may be a 
rotation sensor which includes a multipoiarmagnet (17), 
having a plurality of magnetic poles deployed in a direc- 
tion circumferentially thereof, and a magnetic sensor 
(18) for detecting the magnetic poles of the multipolar 
magnet. The magnetic sensor (1 8) is preferably in the 
form of a magneto resistive sensor. 
[0039] Where the rotation sensor is made up of the 
multipolar magnet (1 7) and the magnetic sensor (1 8), it 
is possible to construct a compact rotation sensor hav- 
ing a high resolution. Also, the magnetoresistive sensor 
(1 8) consumes a relatively small amount of electric pow- 
er and, therefore, can be suitably utilized in combination 
with the wireless electric power feeding that is generally 
low in efficiency of electric power feeding as compared 
with the wired system. 

[0040] In the bearing assembly equipped with the 
wireless sensor of any of the foregoing structures in ac- 
cordance with the present invention, the sensor (6A to 
6E) may be preferably disposed within a sealed space 
in the bearing assembly, which is shielded from the out- 
side, and the electric power receiver (8, 8 A, 8B) and the 
sensor signal transmitter (9, 9A, 9B) may then be dis- 
posed outside the bearing. The sealed space is, for ex- 
ample, an annular bearing space defined between an 
outer race and an inner race of a rolling bearing and 
sealed at opposite open ends by sealing members. 
Where the bearing is a wheel support bearing, the 
sealed bearing space is defined between an inner mem- 
ber (2) and an outer member (1). 
[0041] Where the sensors (6 A to 6E) are accommo- 
dated within the sealed space of the bearing assembly, 
the sensors (6Ato 6E) can advantageously be protected 
from external dusts, foreign matter, water and so on and, 
therefore, the reliability and durability of the sensors (6A 
to 6E) can increase. In particular, where the bearing as- 
sembly is a wheel support bearing assembly (33), the 
bearing assembly is often placed under the severe en- 
vironment where it is susceptible to foreign matter and/ 
orsalty muddy water on the roadway and, therefore, dis- 
position of the sensors (6C to 6E) within the sealed 
space is effective to 1 n crease t h e re I i ab i I ity an d d u rab i I ity 
thereof. The electric power receiver (8, 8A, 8B) and the 
sensor signal transmitter (9, 9A, 9B) are preferably dis- 
posed outside the bearing assembly in terms of wireless 
transmission efficiency. 

[0042] According to a sixth aspect of the present in- 
vention, there is provided a wheel support bearing as- 
sembly (33) for rotatably supporting a vehicle wheel rel- 
ative to a vehicle body structure, which includes an outer 



member (1) having a plurality of outer raceways, an in- 
ner member (2) having inner raceways aligned with the 
outer raceways, and a plurality of rows of rolling ele- 
ments (3) interposed between the outer raceways and 

5 the inner raceways. This wheel support bearing assem- 
bly (33) also includes one of a plurality of wireless sen- 
sor units (4A, 4B) that is mounted on the wheel support 
bearing assembly (33). Each of the plural wireless sen- 
sor units (4A, 4B) includes a sensor (6A, 6B) for detect- 

10 ing a parameter to be detected, a sensor signal trans- 
mitter (9A, 9B) for transmitting wireless a sensor signal 
outputted from the sensor (6A, 6B), and an electric pow- 
er receiver (8A, 8B) for receiving wireless an electric op- 
erating power required to drive the sensor (6A, 6B) and 

15 the sensor signal transmitter (9A, 9B). Also, those plural 
wireless sensor units (4A, 4B) operate to transmit the 
respective sensor signals to a common sensor signal 
receiver (13) through the corresponding sensor signal 
transmitters (9A, 9B) and also operate to receive the 

20 electric operating power wireless from a common elec- 
tric power transmitter (1 2) through the electric power re- 
ceiver (8 A, 8B). 

[0043] According to the sixth aspect of the present in- 
vention , while the supply of the electric power to the plu- 

25 ral wireless sensor units (4A, 4B) and the transmission 
of the sensor signals from the plural wireless sensor 
units (4A, 4B) can be accomplished, not only can the 
wheel support bearing assembly (33) of a lightweight 
and compact structure be achieved, but the mainte- 

30 nance is also easy, and even when the bearing assem- 
bly is in a halted condition, the communication is possi- 
ble. 

[0044] The present invention in accordance with a 
seventh aspect thereof provides a wheel support bear- 

35 ing assembly (33) for rotatably supporting a vehicle 
wheel relative to a vehicle body structure, which in- 
cludes an outer member (1) having a plurality of outer 
raceways, an inner member (2) having inner raceways 
aligned with the outer raceways, and a plurality of rows 

40 of rolling elements (3) interposed between the outer 
raceways and the inner raceways. In this wheel support 
bearing assembly (33), there are provided a plurality of 
sensors (6C to 6E) for detecting respective parameters 
to be detected, a sensor signal transmitter (9) for trans- 

45 mitting wireless sensor signals outputted from the re- 
spective sensors (6C to 6E), and an electric power re- 
ceiver (8) for receiving wireless an electric operating 
power required to drive the sensors (6C to 6E) and the 
sensor signal transmitter (9). 

50 [0045] According to the seventh aspect of the present 
invention, while the supply of the electric power to the 
plural sensors (6C to 6E) and the transmission of the 
sensor signals from the plural sensors (6C to 6E) can 
be accomplished, not only can the bearing assembly 

55 (33) of a lightweight and compact structure be achieved, 
but the maintenance is also easy, and even when the 
bearing assembly is in a halted condition, the commu- 
nication is possible. Also, mounting of the plural sensors 
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(6C to 6E) on the bearing allows not only the nunnber of 
revolutions but also other paranneters such as temper- 
ature, vibration, load, torque and/or pressure to be de- 
tected and, therefore, is effective to render the bearing 
assembly to be intelligent, thus upgrading the automo- 
bile control. In addition, based on bearing information 
such as temperature, the bearing assembly can be di- 
agnosed to determine if it has any trouble. It is, however, 
to be noted that, similar effects brought about by the use 
of the plural sensors (6C to 6E) can be obtained even 
when the plural sensors (6C to 6E) are mounted on any 
bearing assemblies in general otherthan the wheel sup- 
port bearing assembly discussed above. 
[0046] In the wireless sensor system of the present 
invention, where one of the sensors (6Ato6E) is mount- 
ed on a wheel support bearing assembly, for example, 
where the wireless sensor system includes any of the 
wheel support bearing assemblies (33), a sensor signal 
receiver (13) for receiving a sensor signal transmitted 
from the sensor signal transmitter (9, 9A, 9B) in the 
wheel support bearing assembly (33), and an electric 
power transmitter (1 2) for transmitting wireless the elec- 
tric operating power to the electric power receiver (8, 
8A, 8B), the sensor signal receiver (1 3) and the electric 
power transmitter (12) may be disposed in a tire house 
(34a) of the vehicle body structure (34), where the wheel 
support bearing assembly (33) is installed, or may be 
disposed in a portion of the vehicle body structure (34), 
which is more distant from the tire house (34a) with re- 
spect to the wheel support bearing assembly (33). That 
portion more distant from the tire house (34a) with re- 
spect to the wheel support bearing assembly (33) is, for 
example, a dashboard or console, where instruments 
(EUC or the like) utilized to perform an electric control 
of the automotive vehicle are installed. 
[0047] According to this aspect of the present inven- 
tion, disposition of the sensor signal receiver (13) and 
the electric power transmitter (12) at that portion more 
distant from the tire house (34a) with respect to the 
wheel support bearing assembly (33) is effective to elim- 
inate the use of any harness which would otherwise be 
required between the tire house (34a) and the wheel 
support bearing assembly (33) and, accordingly, not on- 
ly can troubles such as breakage of the harness result- 
ing from collision of stone be avoided, but also the wire- 
less sensor system can be light-weighted. Also, where 
the sensor signal receiver (13) and the electric power 
transmitter (1 2) are disposed in the tire house (34a), the 
distance in which the wireless transmission is carried 
out can be set short and, therefore, the intensity of the 
electromagnetic waves can advantageously be re- 
duced, resulting in minimized electric power consump- 
tion. 

[0048] The wireless sensor system of the present in- 
vention according to one aspect thereof includes the 
plural sensors for detecting the respective parameters 
to be detected, the sensor signal transmitter for trans- 
mitting wireless thesensorsignals outputted respective- 



ly from the sensors, the electric power receiver for re- 
ceiving wireless the electric operating power required to 
drive the sensors and the sensor signal transmitter, the 
sensor signal receiver for receiving the sensor signals 

5 transmitted by the sensor signal transmitter, and the 
electric power transmitter for transmitting wireless the 
electric operating power to the electric power receiver. 
Accordingly, this wireless sensor system can be de- 
signed as a system, which is, while the supply of the 

10 electric powerto the plural sensors and the transmission 
of the sensor signals from the plural sensors can be ac- 
complished, a lightweight and compact structure. Also, 
the maintenance of the wireless senor system is easy 
and even when the bearing assembly is in a halted con- 

15 dition, the communication is possible at any time. 

[0049] The wireless sensor system of the present in- 
vention according to another aspect thereof is so de- 
signed that the electric operating power can be supplied 
wireless by the common sensor signal receiving unit to 

20 the plural wireless sensor units and, accordingly, the 
supply of the electric operating power to the plural wire- 
less sensor units and the transmission of thesensorsig- 
nals can be accomplished with a simplified structure. In 
view of this, not only is the maintenance such as re- 

25 placement of the battery eliminated substantially, but al- 
so the reduction of the weight and the possibility of the 
sensor operation, which does not depend on the oper- 
ating statuses of the machine and equipments, in which 
the wireless sensor system of the present invention is 

30 installed, can be appreciated. Since the wireless sensor 
system is reduced in weight, the unbalance can advan- 
tageously be minimized particularly where the wireless 
sensor unit is fitted to a rotating element of the bearing. 
[0050] Where the wireless sensor unit is used in as- 

35 sociation with a tire pressure sensor for detecting the 
tire pressure in an automotive vehicle, the use of any 
battery or a similar external power source can advanta- 
geously be eliminated, resulting in reduction of the cost, 
maintenance-free and increase of the wheel balance 

40 brought about by the reduction of the weight. Also, 
where the wireless sensor unit is used in association 
with the rotation sensor mounted on a wheel support 
bearing assembly for an automotive vehicle, the electric 
power can be supplied even during a halted condition 

^5 of the vehicle wheel and, therefore, the number of rev- 
olutions can be detected even though the vehicle wheel 
is almost halted, enabling the running stability to be ob- 
tained by means of a highly sophisticated control such 
as a control of the ABS activation shortly before the au- 

50 tomotive vehicle then running on a low frictional road 
surface is brought to a halt, and a traction control at the 
time of abrupt acceleration and at the time of an ex- 
tremely low speed run. 

[0051] With the bearing assembly equipped with the 
55 wireless sensor and the wheel support bearing assem- 
bly equipped with the wireless sensor, both developed 
in accordance with the present invention, advantages 
can be appreciated in that the bearing assembly is light- 
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weight and compact in structure and, yet, substantially 
free of maintenance, in that even when the bearing as- 
sembly is in a halted condition, the communication is 
possible at any time while the supply of the electric pow- 
er to the plural sensors and the transmission of the sen- 
sor signals from the plural sensors take place. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] In any event, the present invention will become 
more clearly understood from the following description 
of preferred embodiments thereof, when taken in con- 
junction with the accompanying drawings. However, the 
embodiments and the drawings are given only for the 
purpose of illustration and explanation, and are not to 
be taken as limiting the scope of the present invention 
in any way whatsoever, which scope is to be determined 
by the appended claims. In the accompanying drawings, 
like reference numerals are used to denote like parts 
throughout the several views, and: 

Fig. 1 is a block diagram showing a wireless sensor 
system according to a first embodiment of the 
present invention; 

Fig. 2 is a circuit block diagram showing the wireless 
sensor system shown in Fig. 1 ; 
Fig. 3 is a circuit block diagram of a sensor signal 
receiving unit employed in the wireless sensor sys- 
tem according to a second preferred embodiment 
of the present invention; 

Fig. 4 is a schematic longitudinal sectional view of 
a wheel support bearing assembly equipped with 
the wireless sensor system according to any one of 
the first and second preferred embodiments of the 
present invention; 

Fig. 5 is a longitudinal sectional viewshowing a por- 
tion of an automobile wheel in which a wireless sen- 
sor unit of the wireless sensor system according to 
any one of the first and second preferred embodi- 
ments of the present invention is incorporated for 
transmitting a sensor signal indicative of the tire 
pressure; 

Fig. 6 is a schematic longitudinal sectional view of 

the wheel support bearing assembly equipped with 
the wireless sensor system, showing a modification 
thereof; 

Fig. 7 is a schematic sectional diagram showing an 
equipment equipped with the wireless sensor sys- 
tem according to a third preferred embodiment of 
the present invention; 

Fig. 8 is a block diagram showing the wireless sen- 
sor system according to a fourth preferred embod- 
iment of the present invention; 
Fig. 9 is a block diagram of the wireless sensor sys- 
tem shown in Fig. 8, shown together with the wheel 
support bearing assembly to which it is applied; and 
Fig. 1 0 is a longitudinal sectional view showing the 
details of the wheel support bearing assembly of 



Fig. 9. 

BEST MODE FOR CARRYING OUT THE INVENTION 

5 [0053] A first preferred embodiment of the present in- 
vention will now be described with particular reference 
to Fig. 1 . As shown therein, a wireless sensor system of 
the present invention includes a plurality of, for example, 
two, wireless sensor units 4A and 48 and a common 
sensor signal receiving unit 5 for supplying an electric 
power wireless to each of the wireless sensor units 4A 
and 48 and also for receiving a sensor signal transmit- 
ted from each of those wireless sensor units 4A and 48, 
It is to be noted that the number of the wireless sensor 
units that can be employed in the practice of the present 
invention is not particularly limited to two as shown. 
[0054] Each of the sensor units 4A and 48 includes a 
sensor 6A or 6B, which serves as a means for detecting 
a target parameter to be detected, and a receiver-trans- 
mittersubunit7Aor7B, which in turn includes an electric 
power receiver 8A or 8B and a sensor signal transmitter 
9Aor9B. 

[0055] As shown in Fig. 2, each of the electric power 
receivers 8Aand 88 defines a means including a tuning 
circuit 10A or 10B and a detecting and rectifying circuit 
11 A or 118 for processing an electromagnetic wave of 
a predetermined power feeding frequency f1 to provide 
an electric operating power. The electric operating pow- 
ers from the respective electric power receivers 8 A and 
8B are utilized to electrically drive the sensors 6A and 
68 and the sensor signal transmitters 9A and 98, re- 
spectively. Each of the electric power receivers 8A and 
88 is constructed of the tuning circuit 1 0A or 1 08 includ- 
ing an antenna 22 and an LC circuit 23, and the detect- 
ing and rectifyi ng circuit 1 1 A or 1 1 8 including a diode 24 
and a capacitor 25. 

[0056] Each of the sensor signal transmitters 9A and 
98 defines a means for transmitting a signal, outputted 
from the sensor 6A or 68, in the fomn of an electromag- 
netic wireless sensor signal of a natural frequency f2 or 
f3 different from the power feeding frequency f1 and in- 
cludes an antenna 19, an LC circuit 20 and a semicon- 
ductor switching element 21 . 

[0057] The common sensor signal receiving unit 5 in- 
cludes an electric power transmitter 12 for transmitting 
the electromagnetic wave of the predetermined power 
feeding frequency f1, and a sensor signal receiver 13 
for receiving the wireless sensor signals of the natural 
frequencies f2 and f3 that are transmitted respectively 
from the wireless sensor units 4A and 48. The electric 
power transmitter 12 includes a high frequency gener- 
ator 26 and a transmitting circuit 27. The transmitting 
circuit 27 includes an antenna 28, an LC circuit 29 and 
a semiconductor switching element 30. 
[0058] The sensor signal receiver 13 of the common 
sensor signal receiving units includes receiving circuits 
13a equal in number to and operatively associated with 
the respective wireless sensor units 4A and 48. Each of 
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the receiving circuits 13a of the sensor signal receiver 
1 3 is a circuit for receiving a signal of a single frequency 
corresponding to the natural frequency f2 or f3 that is 
transmitted from the wireless sensor units 4A or 4B, and 
includes a tuning circuit 37 and a detecting circuit 38. 
The tuning circuit 37 in turn includes an antenna 30 and 
an LC circuit 40. 

[0059] The plane of polarization of the power feeding 
electromagnetic wave that is transmitted from the sen- 
sor signal receiving unit 5 differs from that of the elec- 
tromagnetic waves of the sensor signals transmitted 
from the respective wireless sensor units 4A and 4B, 
The use of the different planes of polarization in addition 
to the use of the different frequencies is effective to 
avoid any possible interference of the power feeding 
electromagnetic wave with the electromagnetic waves 
of the sensor signals to thereby enhance the signal sep- 
aration. Also, the respective electromagnetic waves of 
the sensor signals transmitted from the wireless sensor 
units 4A and 4B have respective planes of polarization 
that are different from each other, so that any possible 
interference between the electromagnetic waves of the 
sensor signals can be avoided to enhance the signal 
separation. 

[0060] With the wireless sensor system so construct- 
ed as hereinabove described, an electric operating pow- 
er required for each of the wireless sensor units 4A and 
4B can be supplied wireless and, accordingly, neither 
the battery nor an electric power generator for providing 
an electric power necessary to feed the sensor units 4A 
and 4B is required, resulting in the wireless sensor sys- 
tem to be assembled compact and lightweight. In addi- 
tion, no routine battery replacement is required and, 
hence, the maintenance of the wireless sensor system 
can be facilitated. Yet, since both the wireless supply of 
the electric power to each of the wireless sensor units 
4Aand4Band receipt of the wireless sensor signal from 
each of the wireless sensor units 4A and 4B are accom- 
plished with the common sensor signal receiving unit 5, 
the wireless sensor system as a whole can advanta- 
geously be simplified in structure. 
[0061] Fig. 3 illustrates the wireless sensor system 
according to a second preferred embodiment of the 
present invention, in which a different sensor signal re- 
ceiving unit 5A is employed in place of the sensor signal 
receiving unit 5 discussed above. In the practice of this 
second preferred embodiment of the present invention, 
the sensor signal receiving unit 5A cooperates with one 
or more wireless sensor units which are identical to the 
wireless sensor units 4A and 4B shown in Fig. 1 . 
[0062] Referring now to Fig. 2, the sensor signal re- 
ceiving unit 5A includes a sensor signal receiver 13A 
made up of tuning circuits 37A and 37B, each capable 
of receiving a signal of a singlefrequency corresponding 
to the naturalfrequencyf2 or f3 transmitted from the cor- 
responding wireless sensor units 4A or 4B (Fig. 2), and 
a common switching detector 41 for switching between 
outputs of the tuning circuits 37A and 37B to select the 



outputs one at a time on a time sharing basis and for 
detecting each of the selected outputs. The switching 
detector 41 includes a detecting element (detector) 42 
and a switching element (selector) 43 for switching the 
5 tuning circuits 37A and 37B, one at a time on a time shar- 
ing basis, to connect them to the detecting element 42. 
[0063] Other structural features of the wireless sensor 
receiving unit 5A employed in the wireless sensor sys- 
tem according to the second embodiment of the present 
invention are similarto the wireless sensor receiving unit 
5 employed in the wireless sensor system according to 
the first embodiment and, therefore, the details thereof 
are not reiterated for the sake of brevity. 
[0064] In this second embodiment, when the switch- 
ing element 43 ofthe switching detector 41 connects the 
tuning circuit 37A to the detecting element 42, the de- 
tecting element 42 detects a signal of the frequency f2 
which is fed wireless to the tuning circuit 37A from the 
wireless sensor unit 4Afor detecting the number of rev- 
olutions. On the other hand, when the switching element 
43 connects the tuning circuit 378 to the detecting ele- 
ment 42, the detecting element 42 detects a signal of 
th e f req u ency f 3 wh ich is fed wi reless to th e tu n i n g ci rcu it 
37B from the wireless sensor unit 4B for detecting the 
number of revolutions. 

[0065] According to the second embodiment shown 
in and described with reference to Fig. 3, the respective 
electromagnetic waves ofthe natural frequencies f2 and 
f3 transmitted wireless from the associated wireless 
sensor units 4A and 4B can be discriminately detected 
by the single detecting element 42 in the sensor signal 
receiving unitSA, thesensorsignal receiving unit 5A can 
have a simplified structure even where the number of 
the wireless sensor units used is large. 
[0066] It is to be noted that in the second embodiment 
of the present invention a single variable tuning circuit 
capable of varying to tune to each of the natural frequen- 
cies f2 and f3 transmitted respectively from the wireless 
sensor units 4A and 4B (Fig. 2) may be employed in 
place of the plural tuning circuits 37A and 37B. In such 
case, the sensor signal receiver 1 3A should be so con- 
figured that the switching element can switch among 
varying natural frequencies ofthe tuning circuit to select 
the varying natural frequencies one at a time on a time 
sharing basis, and that the detecting element 42 can 
then detect each of the selected natural frequencies. 
[0067] An application of the wireless sensor system 
according to the present invention to an automotive ve- 
hicle will now be described with particular reference to 
Figs. 4 and 5. In this application, the wireless sensor 
system is utilized for detecting the tire pressure and the 
number of revolutions of the vehicle wheel. As shown in 
Fig. 4, the wheel 31 shown by the phantom line is rotat- 
ably supported by a vehicle body structure 34 by means 
of a wheel support bearing assembly33. The wheel sup- 
port bearing assembly 33 includes an outer member 1 
supporting the wheel 31 and an rotatable inner member 
2, with circumferential ly extending rows of rolling ele- 
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merits 3 interposed between the outer member 1 and 
the inner member 2. 

[0068] The outer member 1 is supported by a wheel 
suspension, extending downwardly from the vehicle 
body structure 34, through a knuckle (not shown). On 
the other hand, the inner member 2 is made up of a hub 
axle 2A, which has one end formed integrally with a 
wheel mounting flange 2a extending radially outwardly 
therefrom, and an outer race 1 5a forming a part of a con- 
stant velocity universal joint 15, with the vehicle wheel 
31 fitted to the wheel mounting flange 2a of the hub axle 
2A, This inner member 2 is coupled with an axle 16 
through the constant velocity universal joint 1 5. 
[0069] An annular bearing space delimited between 
the outer member 1 and the inner member 2 has one of 
its opposite annular open ends provided with the wire- 
less sensor unit 4A for detecting the number of revolu- 
tions of the vehicle wheel 31 . On the other hand, the 
wireless sensor unit 4B is carried by the vehicle wheel 
31 to detect the tire pressure. The sensor signal receiv- 
ing unit 5 for supplying wireless the electric powerto the 
wireless sensor units 4A and 4B and for receiving re- 
spective sensor signals transmitted wireless from the 
wireless sensor units 4A and 4B is fixedly secured to a 
portion of the vehicle body structure 34, for example, to 
a tire house 34a. It is to be noted that the sensor signal 
receiving unit 5 is of the structure shown in and de- 
scribed with reference to any one of Figs. 1 and 2. 
[0070] The sensor 6A of Fig. 4 used as a rotation sen- 
sor includes a magnetic encoder 17 mounted on the in- 
ner member 2 and a magnetic sensor 18 mounted on 
the outer member 1 in fact-to-face relation with the mag- 
netic encoder 17. The magnetic encoder 17 is a ring- 
shaped multipolar magnet, which is a ferrite magnet, a 
rare earth rubber magnet, a plastic magnet or a sintered 
magnet and has opposite magnetic poles N and S alter- 
nating in a direction circumferentially thereof. The mag- 
netic sensor 18 is a magneto resistive sensor, that is, a 
sensor utilizing a magnetoresistive element (also re- 
ferred to as "MR element") and is operable to detect 
change in polarity of the magnetic encoder 17 as the 
vehicle wheel 31 rotates and then to output an incre- 
mental pulse signal as a sensor signal indicative of the 
number of revolutions of the vehicle wheel 31 . 
[0071] It is to be noted that the magnetic sensor 18 
may not be always limited to the magnetoresistive sen- 
sor, but a Hall effect sensor, an Ml sensor or a flux-gate 
magnetic sensor may be equally employed therefor. 
[0072] When the rotation sensor is made up of the 
multipolar magnet and the magnetic sensor, it is possi- 
ble to provide a compact rotation sensor having a high 
resolution. Also, if the magnetic sensor of the magne- 
toresistive type has a sensor element having a high re- 
sistance, the electric power consumption can be mini- 
mized and, therefore, it is preferable to combine such 
magnetic sensor with a wireless power feeding system 
having a low power feeding efficiency as compared with 
that of the wired system. 



[0073] The wireless sensor unit 4B of Figs. 4 and 5 
for detecting the tire pressure is secured to a portion of 
a tire wheel 35 that confronts the interior of a wheel tire 
36 mounted on the vehicle wheel. The sensor 6B of this 
5 wireless sensor unit 4B serves to detect the tire pressure 
of the wheel tire 36. 

[0074] The operation of the wireless sensor system 
will now be described. The power feeding electromag- 
netic wave that is transmitted from the electric power 
transmitter 12 (Fig. 1) of the sensor signal receiving unit 
5 mounted on the vehicle body structure 34 is received 
and rectified by the electric power receivers 8A and 8B 
of the wireless sensor units 4A and 4B, respectively, to 
provide an electnc operating power with which the wire- 
less sensor units 4A and 4B can be electrically powered. 
[0075] The sensor 6A of the wireless sensor unit 4A 
mounted on the wheel support bearing assembly 33 de- 
tects the number of revolutions of the vehicle wheel 31 . 
More specifically, change in polarity of the magnetic en- 
coder 17 on the inner member 2 incident to rotation of 
the vehicle wheel 31 is detected by the magnetic sensor 
18, from which the sensor signal is subsequently out- 
putted in the form of the incremental pulse signal. This 
sensor signal indicative of the number of revolutions of 
the vehicle wheel 31 is transmitted wireless from the 
sensor signal transmitter 9A by means of the electro- 
magnetic wave of the frequency f2 as a carrier wave. 
One of the receiving circuits 13a of the sensor signal 
receiver 1 3 of the sensor signal receiving unit 5, which 
is operatively associated with the wireless sensor unit 
4A, receives and detects this electromagnetic wave 
transmitted from the sensor signal transmitter 9A and 
then outputs the sensor signal indicative of the number 
of revolutions of the vehicle wheel 31 . 
[0076] On the other hand, the sensor 6B of the wire- 
less sensor unit 4B carried by the vehicle wheel 31 de- 
tects the tire pressure of the wheel tire 36. The sensor 
signal indicative of the tire pressure is transmitted wire- 
less from the sensor signal transmitter 9B by means of 
the electromagnetic wave of the frequency f3 as a car- 
rier wave. The other of the receiving circuits 13a of the 
sensor signal receiver 13 of the sensor signal receiving 
unit 5, which is operatively associated with the wireless 
sensor unit 4B, receives and detects this electromag- 
netic wave transmitted from the sensor signal transmit- 
ter 9B and then outputs the sensor signal indicative of 
the tire pressure. 

[0077] As hereinabove described, with the wireless 

sensor system of the present invention, not only can the 
electric power be supplied wireless in the form of the 
electromagnetic wave from the sensor signal receiving 
units, mounted onthevehicle body structure 34, to each 
of the wireless sensor units 4A and 4B, but the sensor 
signal receiving unit 5 can also receive the different sen- 
sor signal transmitted wireless in the form of the elec- 
tromagnetic wave from each of the wireless sensor units 
4A and 4B. Accordingly, the wireless sensor system of 
the present invention is substantially free from the prob- 
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lem associated with battery sliutoff that is inevitable in 
the conventional sensor system where a battery is used 
as a source of an electric power. Also, detection results 
such as the tire pressure and the number of revolution 
of the vehicle wheel can be assuredly transmitted in the 
form of a wireless signal and the respective sensors 6A 
and 6B in the wireless sensor units 4A and 4B can be 
assembled compact and inexpensive. Elimination of the 
battery replacement accomplished by the present in- 
vention makes it easy to carry out the maintenance of 
the wireless sensor system. 

[0078] Since the wireless sensor unit 4A for the de- 
tection of the number of revolutions, in which the mag- 
netic sensor 1 8 forms a part of the sensor 6A, is not of 
a self-generating type, that is, a type capable of gener- 
ating the electric operating power as the vehicle wheel 
31 rotates, detection of the number of revolutions is pos- 
sible even when the vehicle wheel rotates at a speed 
approximating to a halt, and the running stability can be 
obtained by means of a highly sophisticated control 
such as a control of the ABS activation shortly before 
the automotive vehicle then running on a low frictional 
road surface is brought to a halt, and a traction control 
at the time of abrupt acceleration and at the time of an 
extremely low speed run. 

[0079] Also, since the wireless sensor unit 4B for the 
detection of the tire pressure does not require the use 
of any battery, the weight of the unit 4B can advanta- 
geously be reduced correspondingly, allowing the wheel 
balance to be secured. 

[0080] It is to be noted that although the wheel support 
bearing assembly 33 shown in Fig. 4 is of a fourth gen- 
eration type, the present invention can be equally ap- 
plied to the wheel support bearing assembly of any gen- 
eration type, for example, the wheel support bearing as- 
sembly of a third generation type such as shown in Fig. 
6. In the modification shown in Fig. 6, the inner member 
2 is comprised of a hub axle 2A and an inner race 2B 
fixedly mounted externally on one end of the hub axle 
2A, and inner raceways are defined on respective outer 
peripheral surfaces of the hub axle 2A and the inner race 
2B, respectively. Outer raceways aligned with the re- 
spective inner raceways are defined on an inner periph- 
eral surface of the outer member 1 . The hub axle 2A is 
coupled with an axle fitted into an outer race 15a of the 
constant velocity universal joint 15 and the inner mem- 
ber 2 is then coupled with the outer race 1 5a of the con- 
stant velocity universal joint 15. 
[0081] The sensor (the rotation sensor) 6A of the wire- 
less sensor unit 4A is made up of the magnetic encoder 
17 mounted on the inner member 2 and the magnetic 
sensor 18 mounted on the outer member 1 in face-to- 
face relation with the magnetic encoder 17. The mag- 
netic encoder 17 is mounted on a slinger, which forms 
a part of a sealing device mounted on the inner member 
2. Other structural features of the wheel support bearing 
assembly shown in Fig. 6 than those described above 
are similar to those shown in and described in connec- 



tion with the previous embodiment with reference to 
Figs. 4 and 5. 

[0082] It is to be noted that in the wheel support bear- 
ing assembly 33 shown in any one of Figs. 4 and 6, the 
5 wireless sensor units 4A and 4B may be arranged on 
the outer member 1 of the wheel support bearing as- 
sembly 33 as shown by the dotted line in Fig. 6. In such 
case, one of the wireless sensor units, for example, the 
wireless sensor unit 4A may make use of the rotational 
sensor as the sensor 6A and the other of the wireless 
sensor units, that is, the wireless sensor unit 4B may 
make use of a temperature sensor or a vibration sensor 
as the sensor 6B. 

[0083] Fig. 7 illustrates a third preferred embodiment 
of the present invention. In this embodiment, the present 
invention is applied to a machine plant 53 including a 
plurality of, for example, two rolling bearings 51 and 52, 
The bearings 51 and 52 are provided with the respective 
wireless sensor units 4A and 4B of Figs. 1 and 2. The 
machine plant 53 may be, for example, a conveyor line 
including rollerconveyors or belt conveyors, in which ro- 
tary shafts 59 for driving transport rollers or belt drive 
rollers are rotatably supported by the rolling bearings 51 
and 52, respectively. 

[0084] Each of the rolling bearings 51 and 52 includes 
an inner race 54, an outer race 55, a row of rolling ele- 
ments 56 retained by a roller retainer 57 and rollingly 
interposed between the inner and outer races 54 and 
55, and a sealing member 58. The bearings 51 and 52 
are a deep groove ball bearing. 

[0085] The wireless sensor unit 4A mounted on the 
rolling bearing 51 is used for detecting the number of 
revolutions and the sensor 6A of the wireless sensor unit 
4A includes the magnetic encoder 17 mounted on the 
inner race 54 and the magnetic sensor 18 mounted on 
the outer race 55 in face-to-face relation with the mag- 
netic encoder 1 7. On the other hand, the wireless sensor 
unit 4B mounted on the rolling bearing 52 includes the 
sensor 6B used to detect a parameter such as the tem- 
perature or the vibration. 

[0086] The sensor signal receiving unit 5 is installed 
at a suitable place within the machine plant 53, where 
the sensor signal receiving unit 5 receives the sensor 
signals from the wireless sensor units 4A and 4B and 
transmits the electric operating power to the wireless 
sensor units 4A and 4B. Unless otherwise specified, this 
third embodiment is substantially similar in structure to 
the embodiment shown in and described with reference 
to Figs. 1 and 2. 

[0087] Accordingtothethird embodiment, the respec- 
tive sensor signals outputted from the wireless sensor 
units 4A and 4B, which are mounted on the associated 
rolling bearings 51 and 52 within the machine plant 53, 
are received by the common sensor signal receiving unit 
5 and, concurrently, the electric operating power re- 
quired to drive the wireless sensor units 4A and 4B can 
be supplied wireless from the common sensor signal re- 
ceiving unit 5 to the wireless sensor units 4A and 4B. 
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[0088] It is to be noted that although in the ennbodi- 
ment shown in Fig, 7 reference has been made to the 
use of the two wireless sensor units 4A and 4B, the nna- 
chine plant 53 may include three or more rolling bear- 
ings each incorporated with the respective wireless sen- 
sor unit so that the wireless sensor units can interface 
with the common sensor signal receiving units in a man- 
ner similar to that described hereinabove. 
[0089] Fig. 8 illustrates the wireless sensory system 
according to a fourth preferred embodiment of the 
present invention. The wireless sensor system of Fig. 8 
includes a singlewireless sensor unit 4 having a plurality 
of, for example, three sensors 6C to 6E incorporated 
therein. Specifically, the wireless sensor unit 4 includes 
the plural sensors 6C to 6E, a sensor signal transmitter 
9 and an electric power receiver 8. 
[0090] The sensor signal transmitter 9 transmits wire- 
less respective sensor signals from the sensors 6C to 
6E to the common sensor signal receiving unit 5. The 
respective outputs of the sensors 6C to 6E are proc- 
essed by a signal coordinator 60 so that they can be 
transmitted to the common sensor signal receiving unit 
5 by the sensor signal transmitter 9. The signal coordi- 
nator 60 may be of any suitable circuit so designed that 
the sensor signals from the sensors 6C to 6E can be 
processed so as to be discriminately received by the 
common sensor signal receiving unit 5, and may for ex- 
ample, be so designed that the sensor signals from the 
sensors 6C to 6E can be supplied to the sensor signal 
transmitter 9 on a time-shared basis. Alternatively, the 
signal coordinator 60 may be of a type capable of su- 
perimposing the respective sensor signals from the sen- 
sors 6C to 6E. 

[0091] The electric power receiver 8 in the wireless 
sensor unit 4 supplies an electric power, received wire- 
less from the common sensor signal receiving unit 5, to 
the sensors 6C to 6E, the sensor signal transmitter 9 
and the signal coordinator 60. The sensor signal trans- 
mitter 9, the electric power receiver 8 and the signal co- 
ordinator 60 altogether constitute a receiver-transmitter 
subunit 7. It is to be noted that the signal coordinator 60 
may be either incorporated in the sensor signal trans- 
mitter 9 or separate from the sensor signal transmitter 9. 
[0092] The sensor signal receiving unit 5 includes a 
sensor signal receiver 1 3 for receiving the sensor signal 
transmitted from the sensor signal transmitter 9 of the 
wireless sensor unit 4, and an electric power transmitter 
1 2 for transmitting an electric power wireless to the elec- 
tric power receiver 8 of the wireless sensor unit 4. The 
sensor signal receiver 1 3 is capable of dischminately re- 
ceiving the respective sensor signals, outputted from 
the sensors 6C to 6 E and transmitted through the sensor 
signal transmitter 9, in dependence on a processing 
scheme of the signal coordinator 60. Transmission of 
the signals between the sensor signal transmitter 9 and 
the sensor signal receiver 13 and transmission of the 
electric power between the electric power transmitter 12 
and the electric power receiver 8 are carried out wireless 



by means of, for example, electromagnetic waves. 
[0093] It is to be noted that the sensors 6C to 6E may 
be utilized either to detect the same parameters, for ex- 
ample, the temperatures or to detect different parame- 
5 ters, for example, the number of revolutions, the tem- 
perature and the vibration. 

[0094] It is also to be noted that one of the wireless 
sensor units 4A and 4B employed in the first embodi- 
ment of the present invention shown in Fig. 1 may be of 
a design including the plural sensors 6C to 6E shown in 
Fig. 8. In such case, the use is preferred of the signal 
coordinator 60. 

[0095] Aconceptual application of the wireless sensor 
system according to the fourth embodiment of Fig. 8 to 
the wheel support bearing assembly is shown in Fig. 9. 
In this application, the plural sensors 6C to 6E are used 
to detect the number of revolutions, the temperature and 
the vibration, respectively. The receiver-transmitter sub- 
unit 7, the temperature sensor 6D and the vibration sen- 
sor 6E are mounted on the outer member 1 of the wheel 
support bearing assembly. The rotation sensor 6C is 
mounted on the outer member 1 so that the number of 
revolutions of the inner member 2 can be detected. The 
sensor signal receiving unit 5 is disposed inside a tire 
house (not shown). 

[0096] According to the conceptual application of Fig. 
9, the mounting of the single wireless sensor unit 4 on 
the wheel support bearing assembly 33 allows the de- 
tections of the number of revolutions, the temperature 
and the vibrations simultaneously. Also, the electric 
power can be supplied wireless to the wireless sensor 
unit 4 and, for this reason, a harness, which would oth- 
erwise extend between the tire house and the wheel 
support bearing assembly can advantageously be dis- 
pensed with and, accordingly, not only can troubles such 
as breakage of the harness resulting from collision of 
stones be avoided, but also the wireless sensor unit 4 
can be light-weighted. Also, the use of the plural sensors 
6C to 6D is effective to render the bearing assembly to 
be functionally intelligent, thus upgrading the automo- 
bile control. In addition, based on bearing information 
such as temperature, the bearing assembly can be di- 
agnosed to determine if it has any trouble. 
[0097] The details of the wheel support bearing as- 
sembly of Fig. 9 areshown in Fig. 10. The wheel support 
bearing assembly 33 shown therein is of a fourth gen- 
eration type and includes the inner member 2 made up 
of a hub axle 2A and an outer race 1 5A of the constant 
velocity universal joint 15. Raceways each for the re- 
spective row of the rolling elements 3 are formed on an 
outer peripheral surface of the hub axle 2A and an outer 
peripheral surface of the outer race 15A. 
[0098] The single wireless sensor unit 4 is mounted 
on the outer member 1 of the wheel support bearing as- 
sembly 33. The sensors 6C to 6E of the wireless sensor 
unit 4 are disposed within a sealed space in the wheel 
support bearing assembly 33 , which is shielded from the 
outside, whereas the electric power receiver 8 and the 
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sensor signal transmitter 9 are nnounted externally on 
the outer race 1 . More specifically, the wireless sensor 
unit 4 fonns an integral unit, in which a circuit box 81 
and a sensor mount 82 are integrated together, and the 
circuit box 81 is mounted on an outer peripheral surface 
of the outer member 1 . The sensor mount 82 is accom- 
modated within an annular bearing space between the 
outer member 1 and the inner member 2, having been 
inserted through a radial hole formed in the outer mem- 
ber 1. 

[0099] The electric power receiver 8 and the sensor 
signal transmitter 9 are disposed within the circuit box 
81 , and the sensors 6C to 6E are provided in the sensor 
mount 82. The rotation sensor 6C is made up of the 
magnetic sensor 18 and the magnetic encoder 17 dis- 
posed in face-to-face relation with the magnetic sensor 
1 8, while the magnetic sensor 1 8 is disposed in the sen- 
sor mount 82. The magnetic encoder 1 7 is mounted on 
an outer peripheral surface of the inner member 2. This 
wheel support bearing assembly 33 also includes seal- 
ing members 84 and 85 for sealing opposite open ends 
of the annular bearing space delimited between the out- 
er and inner members 1 and 2. The sensors 6C to 6E 
are positioned within this sealed bearing space and be- 
tween the rows of the rolling elements 3. 
[0100] As described above, since the sensors 6C to 
6E are disposed within the sealed bearing space in the 
bearing assembly 33, the sensors 6C to 6E can be pro- 
tected from external dusts, foreign matter, water and so 
on and, therefore, the reliability and durability of the sen- 
sors 6C and 6E can advantageously be increased. In 
particular, since the wheel support bearing assembly 33 
is placed under the severe environment where it is sus- 
ceptible to foreign matter and/or salty muddy water on 
the roadway, disposition of the sensors 6C to 6E within 
the sealed bearing space is effective to increase the re- 
liability and durability thereof. The electric power receiv- 
er 8 and the sensor signal transmitter 9 are preferably 
disposed outside the wheel support bearing assembly 
33 in terms of wireless transmission efficiency. 
[0101] It is to be noted that although the wheel support 
bearing assembly 33 of Fig. 10 is a fourth generation 
type, the wheel support bearing assembly of any gen- 
eration type, for example, the third generation type can 
be employed such that the sensors 6C to 6E may be 
disposed within the sealed bearing space while the elec- 
tric power receiving unit 8 and the sensor signal trans- 
mitter 9 are disposed outside the wheel support bearing 
assembly. Also, the wireless sensor unit 4 may include 
either only one sensor or a plurality of sensors, one or 
some of which are disposed outside the bearing assem- 
bly. By way of example, the wireless sensor unit 4 dis- 
posed in the wheel support bearing assembly 33 shown 
in Fig. 10 may be one of the wireless sensor units 4A 
and 4B of the first embodiment. 
[0102] Although the present invention has been fully 
described in connection with the preferred embodi- 
ments thereof with reference to the accompanying 



drawings which are used only for the purpose of illus- 
tration, those skilled in the art will readily conceive nu- 
merous changes and modifications within the frame- 
work of obviousness upon the reading of the specifica- 
5 tion herein presented of the present invention. By way 
of example, although in describing any one of the fore- 
going embodiments the use has been made of the single 
sensorsignal receiving unit5, a plurality of sensorsignal 
receiving units can be employed in the practice of the 
present invention. Where the plural sensor signal re- 
ceiving units are employed, those sensorsignal receiv- 
ing units may be used to receive the sensor signals 
transmitted from the sensor signal transmitter of the 
same wireless sensor unit or to receive the sensor sig- 
nals transmitted from the sensor signal transmitter of the 
different wireless sensor units. 

[0103] Also, the sensor signal receiver and the elec- 
tric power transmitter may not be included within the 
same sensor signal receiving unit 5 and may be dis- 
posed separated from each other In addition, receipt of 
the sensor signals may be carried out by different sensor 
signal receiving units and an electric power may be sup- 
plied wireless from the same electric power transmitter 
1 2 to the plural wireless sensor units. 
[0104] In addition, although in describing any one of 
the foregoing embodiments the wireless transmission 
has been described as carried out by the electromag- 
netic waves, any transmitting method, for example, an 
electromagnetic coupling, rays of light or ultrasonic 
waves can be employed for transmitting the sensor sig- 
nal and the electric operating power. 
[0105] Accordingly, such changes and modifications 
are, unless they depart from the scope of the present 
invention as delivered from the claims annexed hereto, 
to be construed as Included therein. 



Claims 

1 . A wireless sensor system which comprises: 

a plurality of sensors for detecting respective 
parameters to be detected; 

a sensor signal transmitter for transmitting 
wireless sensor signals outputted respectively 
from the sensors; 

an electric power receiver for receiving wireless 
an electric operating power required to drive the 
sensors and the sensor signal transmitter; 
a sensor signal receiver for receiving the sen- 
sor signals transmitted from the sensor signal 
transmitter; and 

an electric power transmitter for transmitting 
the electric operating power wireless to the 
electric power receiver. 

2. The wireless sensor system as claimed in Claim 1 , 
wherein the sensor signal receiver has a capability 
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of receiving the sensor signals from tlie respective 
sensors, which are transmitted by the sensor signal 
transmitter, and the electric power transmitter is dis- 
posed in a sensor signal receiving unit including the 
sensor signal receiver. 

3. The wireless sensor system as claimed in Claim 1 , 
further comprising a plurality of wireless sensor 
units each including the sensors, the sensor signal 
transmitter and the electric power receiver. 

4. The wireless sensor system as claimed in Claim 1 , 
further comprising a single wireless sensor unit in- 
cluding the sensor, the sensor signal transmitter 
and the electric power receiver, wherein the plural 
sensors are provided in this single wireless sensor 
unit and wherein the sensor signal transmitter is op- 
erable to transmit wireless the sensor signals out- 
putted from the plural sensors. 

5. The wireless sensor system as claimed in Claim 3, 
wherein some or all of the plural wireless sensor 
units each include the plural sensors and wherein 
the respective sensor signal transmitters in such 
some or all of the wireless sensor units are operable 
to transmit wireless the sensor signals outputted 
from the sensors. 

6. The wireless sensor system as claimed in Claim 3, 
wherein the plural wireless sensor units are mount- 
ed on different bearings in a machine plant. 

7. The wireless sensor system as claimed in claim 3, 
wherein at least one of the plural wireless sensor 
units includes the sensor utilized as a tire pressure 

sensor for an automotive vehicle or a rotation sen- 
sor for a wheel support bearing assembly. 

8. A wireless sensor system which comprises: 

a plurality of wireless sensor units, each of the 
wireless sensor units including an electric pow- 
er receiver having a tuning circuit and a detect- 
ing and rectifying circuit for securing an electric 
operating power from an electromagnetic wave 
of a predetermined power feeding frequency; a 
sensor for detecting a parameter to be detect- 
ed; and a sensor signal transmitter for transmit- 
ting a signal outputted from the sensor as a 
wireless sensor signal in the form of an electro- 
magnetic wave of a natural frequency different 
from the power feeding frequency; and 
a sensor signal receiving unit for supplying 
wireless the electric operating power to each of 
those wireless sensor units and for receiving a 
sensor signal transmitted from each of those 
wireless sensor units, the sensor signal receiv- 
ing unit including an electric power transmitter 



for transmitting wireless the electromagnetic 
wave of the predetermined power feeding fre- 
quency and a sensor signal receiverfor receiv- 
ing the wireless sensor signal of the natural fre- 
5 quency that is transmitted wireless from each 

of the wireless sensor units. 

9. The wireless sensor system as claimed in Claim 8, 
wherein the sensor signal receiver of the sensor sig- 

10 nal receiving unit includes a plurality of receiving cir- 
cuits each operable to receive a signal of a single 
frequency corresponding to the assigned natural 
frequency of the wireless sensor signal transmitted 
from each of the wireless sensor units. 

15 

10. The wireless sensor system as claimed in Claim 8, 
wherein the sensor signal receiver of the sensorsig- 
nal receiving unit includes a plurality of tuning cir- 
cuits each operable to receive a signal of a single 

20 frequency corresponding to the assigned natural 
frequency of the wireless sensor signal transmitted 
from each ofthe wireless sensor units, and aswitch- 
ing detector for switching among outputs of the tun- 
ing circuits to select the outputs one at a time on a 
25 time sharing basis and for detecting each of the se- 
lected outputs. 

1 1 . The wireless sensor system as claimed in Claim 8, 
wherein the sensor signal receiver of the sensor sig- 

30 nal receiving unit is capable of varying a receiving 
frequency in correspondence with the natural fre- 
quencies of the wireless sensor signals being trans- 
mitted thereto and is capable of receiving the wire- 
less sensor signals by switching among the receiv- 
es ing frequencies to select the receiving frequencies 
one at a time on a time sharing basis. 

12. The wireless sensor system as claimed in Claim 8, 
wherein the electromagnetic wave for power feed- 

40 ing has a plane of polarization that is different from 
that of the electromagnetic wave of the wireless 
sensor signal. 

13. The wireless sensor system as claimed in Claim 8, 
45 wherein the respective electromagnetic waves of 

the wireless sensor signals transmitted from the as- 
sociated wireless sensor units have different planes 
of polarization. 

50 14. The wireless sensor system as claimed in Claim 8, 
wherein the plural wireless sensor units are mount- 
ed on different bearings in a machine plant. 

15. The wireless sensor system as claimed in Claim 8, 
55 wherein at least one of the plural wireless sensor 
units includes the sensor utilized as a tire pressure 
sensor for an automotive vehicle or a rotation sen- 
sor for a wheel support bearing assembly. 
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16. A bearing assembly equipped with a wireless sen- 
sor unit, which connprises: 

a plurality of wireless sensor units mounted on 
a bearing, each of the wireless sensor units in- 
cluding: 

a sensor for detecting a parameter to be 
detected; 

a sensor signal transmitter for transmitting 
wireless a sensor signal outputted from the 

sensor; and 

an electric power receiver for receiving 
wireless an electric operating power re- 
quired to drive the sensor and the sensor 
signal transmitter. 

17. A bearing assembly equipped with a wireless sen- 
sor unit, which comprises: 

one of a plurality of wireless sensor units that 
is mounted on a bearing; 
the plural wireless sensor units each including 
a sensor for detecting a parameter to be detect- 
ed; a sensor signal transmitter for transmitting 
wireless a sensor signal outputted from the 
sensor; and an electric power receiver for re- 
ceiving wireless an electric operating power re- 
quired to drive the sensor and the sensor signal 
transmitter; and 

the plural wireless sensor units being operable 
to transmit to a common sensor signal receiver 
the respective sensor signals transmitted from 
the corresponding sensor signal transmitters 
and being also operable to receive wireless the 
electric operating power from a common elec- 
tric power transmitter through the respective 
electric power receiver. 

18. A bearing assembly equipped with a wireless sen- 
sor, which comprises; 

a plurality of sensors for detecting respective 

parameters to be detected; 
a sensor signal transmitter for transmitting 
wireless sensor signals outputted from the re- 
spective sensors; and 

an electric power receiverfor receiving wireless 

an electric operating power requiredto drive the 
sensors and the sensor signal transmitter 

19. The bearing assembly as claimed in Claim 16, 
wherein at least one of the sensors mounted on the 
bearing is a rotation sensor including a multipolar 
magnet, having a plurality of magnetic poles de- 
ployed in a direction circumferentially thereof, and 
a magnetic sensor for detecting the magnetic poles 
of the multipolar magnet. 



20. The bearing assembly as claimed in Claim 17, 
wherein at least one of the sensors mounted on the 
bearing is a rotation sensor including a multipolar 
magnet, having a plurality of magnetic poles de- 

5 ployed in a direction circumferentially thereof, and 
a magnetic sensor for detecting the magnetic poles 
of the multipolar magnet. 

21. The bearing assembly as claimed in Claim 18, 
10 wherein at least one of the sensors mounted on the 

bearing is a rotation sensor including a multipolar 
magnet, having a plurality of magnetic poles de- 
ployed in a direction circumferentially thereof, and 
a magnetic sensor for detecting the magnetic poles 
15 of the multipolar magnet. 

22. The bearing assembly as claimed in Claim 19, 
wherein the magnetic sensor is a magnetoresistive 
sensor. 

20 

23. The bearing assembly as claimed in Claim 20, 
wherein the magnetic sensor is a magnetoresistive 
sensor. 

25 24. The bearing assembly as claimed in Claim 21 , 
wherein the magnetic sensor is a magnetoresistive 
sensor. 

25. The bearing assembly as claimed in Claim 16, 
30 wherein the sensor is disposed within a sealed 
space in the bearing, which is shielded from the out- 
side, and the electric power receiver and the sensor 
signal transmitter are disposed outside the bearing. 

35 26. The bearing assembly as claimed In Claim 17, 
wherein the sensor is disposed within a sealed 
space in the bearing, which is shielded from the out- 
side, and the electric power receiver and the sensor 
signal transmitter are disposed outside the bearing. 

40 

27. The bearing assembly as claimed in Claim 18, 
wherein the sensor is disposed within a sealed 
space in the bearing, which is shielded from the out- 
side, and the electric power receiver and the sensor 

45 signal transmitter are disposed outside the bearing, 

28. A wheel support bearing assembly for rotatably 
supporting a vehicle wheel relative to a vehicle body 
structure, the wheel support bearing assembly 

50 comprising: 

an outer member having a plurality of outer 
raceways; 

an inner member having inner raceways 
55 aligned with the outer raceways; 

a plurality of rows of rolling elements interposed 
between the outer raceways and the inner race- 
ways; 
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one of a plurality of wireless sensor units that 
is mounted on the wheel support bearing as- 
sembly; 

the plural wireless sensor units each including 
a sensor for detecting a parameter to be detect- 
ed; a sensor signal transmitter for transmitting 
wireless a sensor signal outputted from the 
sensor; and an electric power receiver for re- 
ceiving wireless an electric operating power re- 
quired to drive the sensor and the sensor signal 
transmitter; 

the plural wireless sensor units being operable 
to transmit the respective sensor signals to a 
common sensor signal receiver through the 
corresponding sensor signal transmitters and is 
also operable to receive wireless the electric 
operating power from a common electric power 
transmitter through the electric power receiver. 

29. A wheel support bearing assembly for rotatably 

supporting a vehicle wheel relative to a vehicle body 
structure, the wheel support bearing assembly 
comprising: 

an outer member having a plurality of outer 
raceways; 

an inner member having inner raceways 
aligned with the outer raceways; 
a plurality of rows of rolling elements interposed 
between the outer raceways and the inner race- 
ways; 

a plurality of sensors for detecting respective 
parameters to be detected; 
a sensor signal transmitter for transmitting 
wireless sensor signals outputted from the re- 
spective sensors; and 

an electric power receiver for receiving wireless 
an electric operating power required to drive the 
sensors and the sensor signal transmitter. 

30. A wireless sensor system which comprises: 

a wheel support bearing assembly as defined 
in Claim 28; 

a sensor signal receiver for receiving the sen- 
sor signal transmitted from the sensor signal 
transmitter in the wheel support bearing as- 
sembly; and 

an electric power transmitter for transmitting 
wireless the electric operating power to the 
electric power receiver; 

wherein the sensor signal receiver and the 
electric power transmitter are disposed in a tire 
house of the vehicle body structure, where the 
wheel support bearing assembly is installed, or dis- 
posed in a portion of the vehicle body structure, 
which is more distant from the tire house with re- 



spect to the wheel support bearing assembly. 

31. A wireless sensor system which comprises: 

5 a wheel support bearing assembly as defined 

in Claim 29; 

a sensor signal receiver for receiving the sen- 
sor signal transmitted from the sensor signal 
transmitter in the wheel support bearing as- 
10 sembly; and 

an electric power transmitter for transmitting 
wireless the electhc operating power to the 
electric power receiver; 

15 wherein the sensor signal receiver and the 

electric power transmitter are disposed in a tire 
house of the vehicle body structure, where the 
wheel support bearing assembly is installed, or dis- 
posed in a portion of the vehicle body structure, 

20 which is more distant from the tire house with re- 
spect to the wheel support bearing assembly. 



16 



EP 1 542 190 A1 




17 



EP 1 542 190 A1 




18 



EP 1 542 190 A1 



Fig. 3 



37A 




19 



EP 1 542 190 A1 



Fig. 4 




20 



EP 1 542 190 A1 



Fig. 5 




21 



EP 1 542 190 A1 



Fig. 6 




22 



EP 1 542 190 A1 



Fig. 7 




23 



EP 1 542 190 A1 




24 



EP 1 542 190 A1 



Fig. 9 




Sensor 
Rotation 
\l Sensor) 




Wireless Sensor Unit 

rn 



Sensor 
XTempera- 
ture 
Sensor) 



Bectric 
Power 
Receiver 



Sensor 
(Vibration 
Sensor) 



Signal 
^Coordi- 
> nator 



Sensor m 
I Signal 
Transmitter^ 



6E 




Sensor Signal 
Receiving Unit 



V Sensor 
Signal 
- Receiver 



. rry Bectric 

\f Power 
Transmitter 



-13 



12 



25 



EP 1 542 190 A1 



Fig. 1 0 




26 



EP 1 542 190 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP03/11459 



A, dASSlFICATION OF SUBJECT MATTER 

Int.Cl"^ G08C17/02r G01L17/00, G01P3/487, B60C23/04 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by cJassification symbols) 
Int. CI*' G08C17/02, G01L17/00, G01P3/487, B60C23/04 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Jitsuyo Shinan Toroku Koho 1996-2003 

Kokai Jitsuyo Shinan Kbho 1971-2001 Toroka Jitsuyo Shinan Etoho 1994-2003 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the rdevant passages 



Relevant to claim No. 



X 
Y 



X 
Y 



X 
Y 



JP 10-019710 A (The Yokohama Rubber Co., Ltd.), 
23 January, 1998 (23.01.98), 
Full text; all drawings 
(Family: none) 

JP 4-133808 A (Bridgestone Corp.), 
07 May, 1992 (07.05.92) , 
Full text; all dravjings 
(Family: none) 

JP 2001-349794 A (Dainippon Printing Co., Ltd.), 
21 December, 2001 (21.12.01), 
Full text; all drav/ings 
(Family: none) 



1-3,7 
4-6 



1,2,4 
3,5-7 



lr2,4 

3,5-11, 
14-31 



fx] Further documents are listed in the continuation of Box C. See patent family annex. 



* Special categories of cited documents: 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
**E" earlier document but published on or after the i ntemati(Mial filing 

date 

"L" document which may throw doubts on priority daini($) or which is 
cited to establish the publication date of another citation or other 

special reason (as specified) 
"O". document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later 



"T' later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y" document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such docLiments, such 
combination being obvious to a person skilled in the art 

"&!' document member of the same patent family 



Date of the actual completion of the international search 
09 December, 2003 (09.12.03) 


Date of mailing of the international search report 

24 December, 2003 (24.12.03) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1998) 



27 



EP 1 542 190 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP03/11459 



C (ContinuaUon). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
Y 



Y 
A 



X 
Y 



US 4749993 A (Dr . Ing.h. c. F. Porsche AG.}, 
07 June, 1988 (07.06.88)^ 
Full text; all drawings 

& JP 61-177826 A s DE 3503347 Al 

JP 2001-151090 A (NTN Corp.)^ 

05 June, 2001 (05.06.01), 
Fig. 8 

(Family: none) 

JP 9-005178 A (Hitachi, Ltd.), 
10 January, 1997 (10.01.97), 
Full text; all drawings 
(Family: none) 

JP 11-238193 A (Yugen Kaisha Matsue Anzen Shokai 

6 Yugen Kaisha Shinku Fujii & Kabushiki Kaisha 
Techono Burein) , 

19" February, 1999 (19.02.99), 
Par. Nos. [0002] to [0004] 
(Family: none) 

JP 64-60118 A (Hochiki Corp.), 

07 March, 1989 (07.03.89), 
Full. text; all drawings 
(Family: none) 



1-5,7 
6 



6,7,14-31 
1-5 



1/2,4 
3,5,7 



8-31 



12,13 



Form PCr/ISA/210 (conliiiualion of second sheet) (July 1998) 



28 



EP 1 542 190 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP03/11459 



Box I Observatioiis where certain claims were found nnseardiable (Contfaraation of item 2 of first slieet) 



This international search report has not been established in respect of certain claims under Article 17(2)(a) for the followmg reasons: 



□ 



Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2, Claims Nos.: 

because. they relate to parts of the international application that do not coiiq)Iy with the prescribed requirements to such an 
extent that no meaningfiil international search can be carried out, spedfically: 



3. Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box n Observations where unity of inventioii is laddng (Continuation of item 3 of first siieet) 

This International Searching Authority found multiple inventions m this international application, as follows: 

Claims 1-7 relate to coupling between a transmitter and a receiver in a known 

wireless sensor system. 

Claims 8-15 relate to characteristic of an electromagnetic wave in a known 

wireless sensor system. 

Claims 16-31 relate to application of a known wireless sensor to a bearing. 



1 . As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 

2. As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 

3. Q As only some of the required additional search fees were timely paid by the applicant, this international search report covers 

only those chums for which fees were paid, spedfically claims Nos.: 



4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is 

restricted to the invention first mentioned In the claims; it is covered by claims Nos,: 



Remark on Protest |^ The additional search fees were accompanied by the applicant's protest. 

I X I No protest accorapanied the payment of additional search fees. 



Form PCT/lSA/210 (continuation of first sheet (1)) (July 1998) 



29 



